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Background: Muscular power is an important aspect of many activities of daily living and declines at a faster rate
than other fitness parameters (i.e. muscular strength and endurance). Assessing muscular power among older
adults is problematic as many of the popular tests are contraindicated among older adults and field tests to
assess muscular power among older adults have not been validated among older adults. Therefore, the aim
of the present investigation was to determine the validity and reliability of a field test to measure of
muscular power during a functional movement among community-dwelling older adults (≥ 65 years).
Methods: Twenty community-dwelling older adults (71.6 ± 5.6) volunteered to have their muscular power
assessed during repeated sit-to-stand (STS) tasks. Each participant performed 10 STS with 60 s rest between
trials. Muscular power was assessed during this functional movement with the Tendo as well as change in
center of mass (COM) over time using cinematography.
Results: Relative power measured by Tendo was 5.34 ± 1.67 W/kg and values for COM were 5.39 ± 1.73 W/kg
(p = .86). Cronbach’s alpha for Tendo muscular power for repeated trials was .98.
Conclusions: Tendo is a simple field method of determining muscular power among older adults and
validation is essential. Results from this investigation support Tendo as a valid and reliable method for
determining muscular power during a STS task among older adults. Clinicians may use this tool to evaluate
and assess progress in older adults’ power and physical functioning.
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By 2030, 71 million Americans will be over 65 years, ac-
counting for approximately 20% of the U.S. population
[1]. While the life expectancy of older adults is increas-
ing, the number of healthful years is not. Throughout
the aging process, individuals develop functional limita-
tions and physical ability begins to diminish. These de-
clines have been documented for balance [2], gait [3],
muscular power [4], as well as cognition [5]. Currently,
80% of older adults are living with at least one mobility
disability, and as a result, the cost of health care is three
to five times greater than the cost for an individual
younger than 65 [1]. While these changes have been* Correspondence: rgray@uark.edu
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unless otherwise stated.attributed to aging, researchers have credited much of
these functional declines to reductions in physical
activity.
Decreased physical activity has been linked to the de-
velopment of chronic conditions such as diabetes and
high blood pressure as well as increased risk of falls [6].
Morbidity and mortality rates from falls among older
adults have risen exponentially over the past decade [7].
In 2009, over 20,000 older adults died from uninten-
tional fall-related injuries [8]. Many of these falls could
have been prevented using various exercise training
strategies.
Resistance training has been suggested to help increase
levels of independent living among older adults [9]. As
early as 1998, the American College of Sports Medicine
(ACSM) has advocated resistance training for older
adults [10] and developed their position stand on mus-
cular power recommendations in 2002 [11]. Bothntral. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
g/publicdomain/zero/1.0/) applies to the data made available in this article,
Table 1 Demographic characteristics of older adults
Variable Women (n = 12) Men (n = 8) t p
Age 69.25 ± 3.08 75.13 ± 6.79 2.642 .02
Weight (kg) 64.69 ± 11.43 87.60 ± 6.10 5.168 .00
Height (cm) 61.67 ± 5.00 69.28 ± 1.58 4.135 .00
Body fat (%) 38.44 ± 6.95 31.70 ± 5.78 −2.266 .04
Tendo (W/kg) 8.28 ± 2.10 7.72 ± 2.59 −0.534 .60
COM (W/kg) 6.11 ± 0.97 7.29 ± 1.64 2.038 .06
Note. Tendo = power (W) relative to body weight (kg) as measured by Tendo
Weightlifting Analyzer; COM = center of mass. Results are reported as means ±
SD. α = .05.
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compared to measures of strength, power declines at a
more exponential rate (1-2% vs 3.5% per year, respectively)
[13] and is a stronger predictor of mobility disability [14].
Therefore, maintenance of muscular power is imperative
for older adults.
While some of these declines in functional ability have
been attenuated with exercise, they cannot be prevented
completely [15]. However, Bean, Vora, and Frontera [16]
provide strong evidence for the implementation of strength
and power-based training in older adults to maintain func-
tional independence throughout life. Power training has
been shown to increase functional ability more than
strength training alone. Specifically, leg power has been
reported as a stronger predictor of current functional abil-
ity when compared to self-reported physical status of
older adults [17]. Not only is current power indicative of
current functional status, but loss of muscular power over
time is a key predictor for future mobility disability, in-
creased fall risk [18], and decreased independent living
[19]. These findings support the concept of evaluating and
treating older adults with reduced muscular power as a
means to maintain physical functioning.
Power is defined as the product of force and distance
divided by the change in time (Force*Distance/Δ Time).
In the literature, power is described as a function of strength
and speed exhibited by producing elevated forces at rapid
speeds [20]. Power has a clear relationship in older adults
in reference to their ability to perform activities of daily
living (ADLs). Power-based training interventions have
been suggested to help older adults maintain functional,
independent living, and improve quality of life [21-24].
Valid field tests to determine power and accurately
quantify an older adult’s physical ability do not currently
exist. Previously, power has been assessed using mea-
sures such as vertical jump analysis [25], dynamometers
[26], variations of the long jump [27,28], stair climb tests
[29,30], and the Wingate Cycle test [31,32]. However,
many of these measures are contraindicated for use with
many older adults [33]. For younger adults, it has been
suggested that assessments of muscular power be per-
formed as specific to the skill being tested as possible.
However, this is an issue when assessing older adults, as
many of these assessments do not mimic functional activ-
ities. Power has been specifically measured in older adults
using force plate analysis coupled with cinematography cal-
culating changes in center of mass (COM) during functional
tests such as the sit-to-stand (STS) test [34], but these meth-
odologies are not ideal for field-based situations.
The Tendo Weightlifting Analyzer (Trencin, Slovak
Republic) has been utilized as a measure of muscular
power among younger athletic populations [35], but to
our knowledge there have been no data on its ability to
measure functional power in older adults. Therefore, theaim of this study was to validate the use of the Tendo
Weightlifting Analyzer (Tendo) as a measure of muscu-




The present investigation employed a cross-sectional de-
sign to validate the Tendo Weight Lifting Analyzer as a
method of determining muscular power during a functional
task among older adults. The target population included
community-dwelling older adults (> 65 yrs). Twenty older
adults volunteered for the present investigation (Table 1).
Subjects were recruited from the community via posted
flyers at local community centers, email notification, and
word of mouth. All were free from uncontrolled cardio-
vascular, metabolic, and pulmonary disease. The aver-
age age of the sample was 71.6 ± 5.6 years and 60% of
the total sample was female. The study was approved
by the Institutional Review Board at the University of
Arkansas and subjects gave written informed consent
prior to their participation.
Procedures
Upon arrival to the laboratory all subjects completed the
Mini Mental State Examination (MMSE) [36] before any
other assessments were performed. A cut-off value of
26 was used for the current investigation; no participant
scored less than this value. A health history questionnaire
was completed and assessed before any physical measures
were obtained. Initially, height, weight, and body com-
position (lean-tissue mass and fat mass) via dual energy x-
ray absorptiometry (DXA; GE, Madison, WI, USA) were
measured.
Muscular power
Power was calculated using two different methods (field
vs. laboratory) during a STS task that was performed as
quickly as possible. During each STS trial, the partici-
pant sat on a chair of standard height (0.47 m) with their
arms crossed over their chest. Participants were asked to
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standing position as quickly as possible. Between trials a
60 s rest was performed.
For each of the 10 trials, the Tendo was positioned on
the left side of the subject with the Kevlar string in the
sagittal plane when the subject was standing. The Tendo
was attached to the participant by securing a belt around
the subject’s waist. As the subject stood as quickly as
possible, the Kevlar string of the Tendo was pulled and
average power output (W) for each stand was recorded.
From the Tendo, power was assessed from the vertical
velocity (m/s) and the mass moved (kg) throughout the
complete STS task. For all analyses, relative power was
calculated and used for comparisons (W/kg). Each of the
10 trials were recorded and used to calculate reliability.
The average of trials 8, 9, and 10 were used to compare
the power calculated from the COM values. These three
trials were chosen to allow the subjects to become ac-
customed to the movement. In previous studies (unpub-
lished data), there is a significant difference between the
first three trials and last three trials, with those at the
end being higher.
To measure power using COM, the subjects were filmed
(60 Hz) from the sagittal plane using a 2D motion analysis
capture system (Vicon Peak Motus, v. 9.0, Centennial,
CO, USA). The digital video camera (Bosch, Dinion,
Farmington Hills, MI, USA) was attached to a stationary
tripod (height = 0.62 m) positioned perpendicular 3.38 m
from the field of view. Prior to each data collection ses-
sion, a calibration frame was captured and digitized (Peak
Motus). A 2D model was created by adhering reflective
markers along the right side of the body on the following
anatomical locations: acromion process, greater trochan-
ter, lateral joint line of the knee, base of the fifth metatar-
sal (outside of the shoe), posterior aspect of the heel
(outside of the shoe), and lateral malleolus. COM was de-
rived using standard sex body segment length and mass
variables. Power was calculated using the subject’s weight
(N) expressed as a force, resultant displacement (m) of the
COM from the seated to the full standing position, and
the time (s) to stand. Time was calculated from the point
of initial vertical movement of COM to the highest verti-
cal displacement of COM. Power was calculated using the
following equation: (N × m)/s. For all analyses relative
power was used (W/kg). Previously, intra-class correla-
tions for muscular power as measured by COM have been
reported to be 0.95 [37].
Statistical analysis
All statistical analyses were conducted using SPSS v.
19.0 (Chicago, IL, USA). Values are reported as mean ±
standard deviation. An independent samples t-test was
used to detect sex differences between all variables
(Table 1). No sex differences existed for either measureof relative power; therefore, all values were grouped to-
gether. For power measures, values are reported relative
to body weight (W/kg). A dependent t-test was used to
assess differences in power between the two methods.
Associations between power measured via COM motion
analysis and Tendo were determined by using Pearson
correlation. Coefficient of reliability was determined for
the Tendo Weightlifting Analyzer by using Cronbach’s
alpha for the 10 trials performed. Statistical significance
was α = .05 for all analyses.
Results
The results of the paired samples t-test indicated relative
power was similar for the two methods (t = −0.182, p = .86;
Figure 1). Mean relative power, when calculated with
COM and Tendo, was 5.39 W/kg and 5.34 W/kg, re-
spectively. The Tendo Weightlifting Analyzer had average
values 0.90% lower when compared to relative power
calculated using COM. Measures of STS power were
strongly correlated (r = .76, p < .001; Figure 2).
When assessed for reliability, the Tendo demonstrated a
high consistency as a measure for power. The Cronbach’s
alpha was .98 for the 10 repeated trials. These results sug-
gest that the Tendo has high reliability between chair
stands.
Discussion
In this sample of community-dwelling older adults, the
Tendo muscular power results were similar and strongly
correlated to muscular power as measured by COM mo-
tion analysis. These results indicate that Tendo is a valid
and reliable method of determining muscular power
during a STS task among older adults. This information
is important to health and fitness professionals that do not
have access to COM technology or facilities that need eas-
ily accessible measures of muscular power. Test-retest re-
sults were high for Tendo, suggesting that it is a reliable
measure of muscular power when used in the STS task for
older adults.
Recently muscular power among community-dwelling
older adults has been reported as low as 1.7 W/kg to as
great as 8.64 W/kg when using COM to calculate power
[34,38,39]. Power in the present investigation was higher
than values reported in many previously published articles
in community-dwelling older adults. Lindemann and col-
leagues [34] reported values of 8.64 W/kg when using
force plates; but when compared to the power from the
Nottingham power rig (4.32 W/kg), results were much
closer to the present investigation. The Nottingham power
rig has been identified as the ‘gold standard’ assessment of
power among older adults; but due to cost it is not avail-
able in many laboratories or clinics.
The STS task was chosen for this investigation because
of its correlation with functional fitness in older adults
Figure 1 Differences of mean scores for relative power for each condition. COM = center of mass as determined by cinematography. Values are
reported as means ± SD. α = .05.
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tively correlated with measures of functional fitness
[30]. The Nottingham power rig has been reported as
the ‘gold standard’ muscular power assessment tool
for older adults; however, this method has variable cor-
relation to STS performance [34]. Reported correlations
between the power rig and STS performance have ranged
from .45 to .83 depending on the population tested
[41]. Furthermore, correlations between double leg press
power and STS performance have been weak (r = .01 -
.31) [30,42,43]. This is likely because the leg press andr = .76
Figure 2 Scatterplot of and correlation of relative power between conthe Nottingham power rig assess lower body power in a
seated position, which does not take into account potential is-
sues with balance when rising from a seated position. There-
fore, results from the power rig may be limited when
translating results to functional tasks such as STS perform-
ance. The Tendo is a more specific measurement of muscular
power as it relates to the STS task since it takes into account
deficits in balance that cause an older adult to rise more
slowly than when performing a seated power movement.
Similar power results were found in the current inves-
tigation when compared to other community-dwellingditions. COM = center of mass as determined by cinematography.
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from 5.9 W/kg to 8.64 W/kg in other studies [34,38].
Smith and colleagues [38] reported an average power of
6.4 W/kg during a STS task, compared to 5.36 W/kg in
the present investigation. However, they used a force
plate to determine average vertical force production to
compute muscular power during a STS task compared
to body weight (N) in the present investigation. Using
maximal ground reaction forces may overestimate mus-
cular power during a STS task.
In the present investigation, the results have limited
generalizability. The current sample included only healthy
community-dwelling older adults and care should be
taken when relating the results to older adults with mobil-
ity limitations. In addition, these results were calculated
with a small sample.
Conclusions
Muscular power is an important aspect of functional fit-
ness among older adults. Rarely are activities of daily liv-
ing performed in a slow, controlled manner; hence, power
should be an integral component of any physical assess-
ment performed on an older adult. However, muscular
power has been historically a time consuming measure for
older adults and the need of sophisticated and expensive
equipment has been necessary. While field measures of
muscular power, such as vertical jump have been validated
and widely used among athletes and young adults, a safe
field measure for assessing muscular power among older
adults has not previously been devised. Validating the
Tendo as an assessment for muscular power is essential
for clinicians that may not have access to equipment that
is found in many laboratories.
Based on the results, we recommend that Tendo be
used to assess muscular power among older adults dur-
ing the STS task. This task is specifically chosen because
of its similarity to many activities of daily living and
functional fitness. If an individual is able to perform this
task, they are more likely to remain in their homes for a
longer period of time.
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